Background: In most low income countries there are twice as many cases of tuberculosis (TB) reported among men than among women, a difference commonly attributed to biological and epidemiological characteristics as well as socioeconomic and cultural barriers in access to health care. The World Health Organization has encouraged gender specific comparisons in TB rates to determine whether women with TB are less likely than men with TB to be diagnosed, reported, and treated. A study was undertaken to identify gender based differences in patients with pulmonary TB and to use this information to improve TB control efforts. Methods: Individuals with a cough for more than 2 weeks in southern Mexico were screened from March 1995 to April 2003. Clinical and mycobacteriological information (isolation, identification, drug susceptibility testing and IS6110 based genotyping, and spoligotyping) was collected from those with bacteriologically confirmed pulmonary TB. Patients were treated in accordance with official norms and followed to ascertain treatment outcome, retreatment, and vital status. Results: 623 patients with pulmonary TB were enrolled. The male:female incidence rate ratio for overall, reactivated, and recently transmitted disease was 1.58 (95% CI 1.34 to 1.86), 1.64 (95% CI 1.36 to 1.98), and 1.41 (95% CI 1.01 to 1.96), respectively. Men were more likely than women to default from treatment (adjusted OR 3.30, 95% CI 1.46 to 7.43), to be retreated (hazard ratio (HR) 3.15, 95% CI 1.38 to 7.22), and to die from TB (HR 2.23, 95% CI 1.25 to 3.99). Conclusions: Higher rates of transmitted and reactivated disease and poorer treatment outcomes among men are indicators of gender differentials in the diagnosis and treatment of pulmonary TB, and suggest specific strategies in endemic settings.
T uberculosis (TB) is the leading cause of death from an infectious disease in women worldwide. 1 In most low income countries twice as many cases of TB are reported among men than among women, 2 a difference commonly attributed to biological and epidemiological characteristics 3 4 as well as socioeconomic and cultural barriers in access to health care. 5 The World Health Organization (WHO) has encouraged gender specific comparisons in TB rates to determine whether women with TB are less likely than men with TB to be diagnosed, reported, and treated. 5 We have been conducting a population based prospective study of pulmonary TB in southern Mexico since 1995. According to the 2000 census, women have less literacy, fewer years of formal education, and higher rates of unemployment in the study area. These indicators are comparable to the state and nationwide rates. 6 Individuals who report a cough (.2 weeks) are detected and screened and, if they are diagnosed with TB, they are referred to an appropriate healthcare provider for treatment. In this study we sought to determine whether there were gender differences in the incidence rates of bacteriologically proven pulmonary TB, the percentage of pulmonary TB cases due to recent transmission versus reactivation of latent infection, and the treatment outcomes of patients with bacteriologically proven pulmonary TB.
METHODS

Study population and enrolment
The study site and enrolment procedures have been described previously. 7 Briefly, the study area includes 12 municipalities in the Orizaba Health Jurisdiction in Veracruz State, Mexico. The study area is 618.11 km 2 and has 369 235 inhabitants, 14.9% of them in rural communities. 8 The incidence rate of TB in the state of Veracruz during 2000 (28.0 cases per 100 000 population) was higher than the incidence rate nationwide (15.9 cases per 100 000 population). 9 We performed passive case finding supported by community based health workers and screened persons who reported coughing for more than 15 days. Collaboration was established with local health and political authorities for recruitment of participants. The register of TB patients was reviewed periodically to identify patients with pulmonary TB who might have been missed by recruiters.
Between March 1995 and April 2003, patients with acid fast bacilli (AFB) or Mycobacterium tuberculosis in sputum samples were evaluated using a standardised questionnaire, physical examination, chest radiography, and HIV testing to determine their epidemiological, clinical, and mycobacteriological characteristics. Treatment was provided using the official norms of Mexico's national TB control program. 10 Annual follow up was performed to ascertain treatment outcome and vital status, as previously described. 11 Deaths were attributed to TB based on two of the following: death certificate with TB as the main cause of death; interview with a close caregiver who identified TB as a probable cause of death; or bacteriologically confirmed TB at the time of death.
Written informed consent was obtained from each individual before enrolment. The study was approved by the institutional review boards of the Instituto Nacional de Salud Pública (INSP), the Instituto Nacional de Ciencias Médicas y de la Nutrición ''Salvador Zubirán'' (INCMNSZ), and Stanford University.
Mycobacteriology and genotyping
Ziehl Neelsen staining, cultures for mycobacteria, species identification, and susceptibility testing were performed following standardised procedures. 11 13 Genotypic analysis of M tuberculosis isolates was carried out using a standard insertion sequence IS6110 restriction fragment length polymorphism (RFLP) technique with computer assisted analysis of the patterns (Bioimage AQ-1 Analyzer and Molecular Fingerprinting Analyzer, Version 2.0). Isolates with identical IS6110 genotype patterns with fewer than six hybridising bands were also analysed using spoligotyping as previously described. 11 14 Because we were interested in assessing recent or ongoing transmission of M tuberculosis that rapidly progressed to disease, we established a 1 year period for defining clustering. Cases were considered ''clustered'' if two or more isolates from different patients were identified within 12 months of each other and had six or more IS6110 bands in an identical pattern, or fewer than six bands with identical IS6110 RFLP patterns and a spoligotype with the same spacer oligonucleotides. Pulmonary TB cases with a unique genotype pattern and the first case diagnosed in each cluster probably arose from the reactivation of a latent TB infection.
Statistical analysis
To determine if women were less likely to undergo screening than men, we compared the proportion of women among screened individuals with the proportion of women in the general population as measured by the 2000 census, 15 and the proportion of women providing three sputum samples with the proportion of men.
We estimated the incidence rate of bacteriologically proven pulmonary TB by gender and by clustered versus unique genotype patterns. The incidence rate of pulmonary TB cases was calculated using the census data for the population >15 years of age as the denominator. 15 An annual population estimate was extrapolated for non-census years assuming a steady annual growth rate in the geographical study area.
Bivariate and multivariate analyses were used to test for gender based differences in the patients sociodemographic, behavioral, and clinical characteristics. The bacteriological characteristics of the isolates of M tuberculosis (such as drug susceptibility test results and genotype patterns) from men and women were compared. To evaluate access to health care, we assessed the severity of symptoms and disease at diagnosis, the distance to health service centres, the time for which the patient was symptomatic before diagnosis, the time elapsed between diagnosis and starting antituberculosis treatment, and the time elapsed between the onset of symptoms and the start of antituberculosis treatment. Associations between gender and treatment outcome were investigated by multivariate unconditional logistic regression. Kaplan-Meier curves were used to assess survivorship by gender and a log rank test was used to detect significant differences. 16 We also constructed Cox proportional hazards models to determine the association of gender with time to retreatment and death. Variables were entered into the models according to their statistical significance in the bivariate analysis (p(0.2) and their biological relevance, and were retained based on the x 2 test of the log likelihood ratios. Stata version 7.0 statistical software (Stata Corp, College Station, Texas, USA) was used for data analysis.
RESULTS
During the 8 year study period we screened 8195 individuals with a cough lasting .2 weeks, 4569 (55.7%) of whom were women. This proportion was larger than the proportion of women in the general population as measured by the 2000 census (n = 176 120, 47.7%, p,0.0001). Age distribution of the group who presented with cough was similar to the general population. 86% of all those with a cough provided three sputum samples; the proportion of women who provided three samples (n = 3948, 86.4%) was slightly higher than the proportion of men (n = 3067, 84.6%, p = 0.03). Of all the individuals who were screened, 829 (10.1%) had AFB or M tuberculosis in at least one sputum sample and were diagnosed with pulmonary TB.
Mycobacteriological culture and genotyping results were obtained for 623 of the 829 TB patients (75.1%). Patients with an M tuberculosis genotype available were more likely than those who were unable to perform a genotype study to have Incidence rates and incidence rate ratio by gender Of the 623 pulmonary TB patients, 256 (41.1%) were women. Overall, the incidence rate of pulmonary TB was 58% higher in men (31.79 cases per 100 000 person-years) than in women (20.13 cases per 100 000 person-years, p,0.001). The incidence rates of clustered pulmonary TB cases in men and women, representing ongoing transmission (7.54 v 5.35 cases per 100 000 person-years) and reactivated cases of TB (24.25 v 14.78 cases per 100 000 person-years), were also higher in men than in women (p,0.05 and p,0.001, respectively). 
Characteristics of patients by gender
The characteristics of the study population by gender are shown in table 2. Men were more likely than women to have had some formal education and to be from a higher socioeconomic level (as determined indirectly by household characteristics), but they were also more likely to have lived in a shelter, been imprisoned, or to report using alcohol or drugs. Men were also more likely than women to have severe clinical symptoms such as weight loss and haemoptysis at diagnosis. However, there were no significant differences between men and women in the distance from their home to the nearest healthcare service (p = 0.24), the median time interval between the onset of symptoms and diagnosis (p = 0.46), the median time interval between the onset of symptoms and treatment (p = 0.18), and the median time interval between diagnosis and the start of treatment (p = 0.22). One hundred and eighteen patients died during the study period; death was due to TB in 52 of these (44.1%). Of these 52 patients, three were untreated, 17 died during treatment, and 32 died after treatment. Four of the 12 patients who refused treatment, all of whom were men, died. The Cox adjusted hazards ratios for mortality from TB controlling for age, body mass index, weight loss, HIV infection, drug resistance, and treatment default was higher among men than among women (HR 2.23, 95% CI 1.25 to 3.99, p = 0.007; table 3). Men had lower survival rates when death due to TB (p = 0.05), death from other causes (p = 0.02), and death from all causes (p = 0.004) were assessed (fig 1) .
Treatment outcomes by gender
Since alcohol use was more frequent among men, we evaluated models that included alcohol as an independent variable. Men were more likely to default, require retreatment, or die from TB when models were also adjusted by use of alcohol.
DISCUSSION
In this population based study conducted in a developing country with endemic rates of TB, we provide data indicating higher rates of bacteriologically proven pulmonary TB and more severe clinical consequences among men than women. By using molecular epidemiological techniques, we further determined that higher rates among men are the result of both reactivation of latent infection and of recent TB transmission. Public health strategies that aim to reduce TB will need to address both disease processes.
Data indicating higher TB rates for men, particularly when obtained from developing countries, 17 18 have been highly controversial and have often been attributed to gender based differences in access to health care. 19 Existing evidence indicates that the access to and use of healthcare services in Mexico is similar in men and women and, in fact, women use the health services more frequently than men. 20 Although the women in our study came from lower socioeconomic groups than the men, these differences did not represent an obstacle for pulmonary TB screening, diagnosis, and treatment in the study area since such services are available free of charge through the public health sector in Mexico. The proportion of women who reported coughing for at least 2 weeks, provided sputum samples, and were screened for TB was greater than the proportion of men who were screened. There were no significant gender based differences in the distance to the nearest health centre and in the time interval between the onset of symptoms and the start of antituberculosis treatment. Although the median time intervals to diagnosis and treatment were similar between men and women, men had more severe clinical symptoms at the time of diagnosis. It is possible that symptoms such as coughing might initially have been attributed to other causes such as tobacco use, therefore men were symptomatic for longer before seeking care. We consider that the higher rate of pulmonary TB detected in men is not attributable to unequal access to health services for diagnosis and treatment. A recent study in south India Gender differences in pulmonary TB 351
www.thoraxjnl.com group.bmj.com on November 7, 2017 -Published by http://thorax.bmj.com/ Downloaded from also reported that women were more likely than men to access the healthcare services. 21 Differences in TB rates have also been attributed to biological phenomena. It has been suggested that the propensity to develop disease after infection with M tuberculosis (progression rate) may be greater in women of reproductive age than in men of the same age, whereas men have higher rates of progression when older. 22 23 Co-morbid conditions such as HIV infection, 24 diabetes, 25 and cirrhosis 26 could also affect the rate at which TB occurs, and their prevalence could vary by gender. We also note that men not only had higher rates of pulmonary TB, but also had more severe clinical symptoms when diagnosed with TB. The higher rates of pulmonary TB among the men in our study are partially explained by the local transmission dynamics, particularly in crowded, poorly ventilated or nosocomial settings. Men are more likely to report risk factors that have been associated with exposure to TB 27 such as imprisonment 28 or prior residence in a shelter. 29 We previously described an outbreak of TB in the study area occurring in clandestine bars whose customers were mainly men. 7 Men also reported more frequent use of alcohol and tobacco, behaviours that may influence the rate at which TB infection progresses to active disease. 30 31 Evaluation of male gender and alcohol by logistic regression analyses and Cox models showed that men with TB are at a higher risk of a poor treatment outcome, independent of alcohol use.
There were significant differences in the outcomes of antituberculosis treatment between men and women. Although women were just as likely as men to be treated with DOTS, men were more likely to default from treatment. The behaviour patterns of non-adherent male patients have been amply described. 32 33 As has been reported previously, 34 men were more likely than women to require retreatment, probably because of defaulting from treatment. The probability of death caused by TB among men more than doubled that of women when adjusted for variables known to be associated with mortality such as drug resistance and HIV infection. 12 Men also had a higher probability of death due to other causes and of death due to all causes. This higher probability of death due to TB among men has been confirmed elsewhere. 35 The conclusions that can be drawn from our study are limited by several potential biases. Determining the cause of death can be a complex process. In this study we used a combination of criteria (clinical, bacteriological, caregiver interview, and/or death certificate) to ascertain the cause of death 2 36 which allowed us to estimate mortality rates. We have validated this method previously. 12 The cause of death profile derived from interviewing a close caregiver or verbal autopsy has also been found to be useful by others. 36 It should be noted that we studied only bacteriologically proven pulmonary TB cases. Our data may not be generalisable to patients with fewer bacilli and less severe symptomatology since our study population differed in bacilli concentrations and clinical manifestations from the total pulmonary TB cases. Finally, we only explored epidemiological and clinical information; other sociological and behavioural aspects which might determine gender differentials were not included in our study. Nevertheless, our population based study allowed us to calculate unbiased pulmonary TB rates for men and women regardless of the complexity of other factors that were not considered.
The results of our study support the need to devise and implement TB control strategies to block further TB transmission, including better case finding and confirmation that each TB patient is cured. Our data also show that increased screening and treatment of latent infection will be needed to decrease the incidence of reactivated disease. S hort term administration of hypertonic saline has been shown to improve lung function in cystic fibrosis. The authors conducted a double blind, parallel group trial over a 48 week period with 164 patients aged at least 6 years randomly assigned to either 7% (hypertonic) or 0.9% saline (control). A bronchodilator was administered before each inhalation of the study solution.
There was no significant difference between the two groups in the primary outcome measure-the rate of change in lung function. However, in the hypertonic saline group the absolute level of lung function, averaged over the period from 4 to 48 weeks after randomisation, was moderately higher than in the control group (p = 0.03): FEV 1 3.2% (95% CI 0.1 to 6.2) higher; FVC 2.8% (95% CI 0.4 to 5.2) higher.
There were fewer pulmonary exacerbations (defined by signs and symptoms) in the hypertonic saline group than in the control group, with 2.74 exacerbations per participant in the control group and 1.32 in the hypertonic saline group (difference 1.42, 95% CI 0.86 to 1.99, p,0.001). Furthermore, 41% of the hypertonic saline group were exacerbation-free over 48 weeks compared with 16% of the control group (p,0.001). However, these differences were largely confined to the first 3 months of treatment and were paralleled by a decrease in compliance in patients over time.
This study suggests that hypertonic saline (preceded by a bronchodilator) may have potential as a long term intervention for cystic fibrosis.
